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ABSTRACT 


The  ptreoeat  report  is  eoneemed  with  the  effect  at  stinilus  variation  in 
s<^%^ral  diaensions  aiaultaneously  t^n  the  accuracy  of  discrioination  in 
absolute  Judgyaent.  The  dlacrclcns  were  slae,  hue  and  bzi^taeae.  The  dia- 
criiainaucn  Bcssures  for  these  disensioos  were  obtained  sepairately  and  were 
eeamered  with  dlserlsinetics  seesurss  obtained  by  ccs^uridlug  Mwoe  diwsnBiona 
In  verlcuB  ways.  Ciscriainabillty  was  better  for  the  atultidlBensional  series 
of  stlaul.!  than  fur  any  of  t^■«  ecapounded  diaensions  used  alone.  It  was  further 
shown  that  the  dtacrlMinatioi.  accuracy  for  a cswpouicded  or  nultldiwiuiloiital 
aeries  can  be  predicted  if  the  discrisdnatlon  accuracy  of  the  separate  diaensions 
is  known.  This  prediction  is  baaed  on  the  asataaption  that  the  accuracy  of 
diacrinlnation  on  the  several  dlnenaions  is  iudependant  when  slaultaaeously 
Judged, 
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I.  IHTROOUC-flCa 


Can  a iBcries  of  stiiauli  t>e  aore  accurately  dlscrlalaated  fro*  one  aiiother  if 
they  differ  on  tvo  car  three  dhaenslone  than  If  they  differ  along  a eloole  diawa- 
sionT  And,,  can  the  diaerlKinntioc  •c'l'jrs.cj  for  such  sultldiabi^lcnal 
predicted  frua  the  diecrlainability  of  the  cewonent  diiutMiinnat  Little  esperlises 
tal  vork  has  been  perforsied  on  these  specific  questions,  but  there  are  aeveral 
reports  in  the  literature  that  indicate  siutidiaensioBal  cues  facilitate  laardag 
end  reduce  reaction  tias^  !?tiinger  (3)  found  that  rats  learned  a dlecriadhatloa 
problem  aore  rapidly  vhen  visual  asd  auditoi'y  cues  vara  conpougodad  than 
either  auditory  ctr  visual  cues  vere  used  Similar  findings  vnre  obtained 

by  t4iller  using  cceipouTids  of  visual  and  auditory  sodalities  la  a classical  condi- 
tioning study  (8).  In  both  theso  etudlee  com^uBtding  'im»  across  different  restse 
Kodalitiss.  Hcnr-^vor,  tvo  studies  have  shown  that  reaction  time  is  reduced  when 
tiio  dimensions  within  the  sam  sense  modality  are  coarjounded.  Orest  (6)  found  in 
a card  sorting  task  that  sorting  was  more  r^[>id  if  the  cards  differed  in  both 
nusber  and  cunfigurotics  thss  if  thsy  la  ausber  alone,  and  Mits  (9) 

found  that  reaction  time  to  control  levers  mere  rqpid  if  Ihis  xzibbs  differed 

la  both  hue  and  form  than  if  they  differed  only  on  hue  or  only  on  form. 


Several  ether  studies  have  indicated,  hcaraver,  that  tho  overall  pafcaptual 
situation  dstsxmitMB  in  sons  cases  whether  or  not  eomgp<maded  or  milliiUmenrlnnsI 
cues  coatrluute  to  dlscriminstioa.  Xrikssn  fouad  thst  eoivoandliig  euss  on 
tha  dimensions  of  hue,  fom,  aiss  «id  briipitness  did  mot  inerease  tte  speed  with 
which  ob.}ecte  could  be  located  in  a visual  display.  Be  found  that  thia  falluxm 
to  ixQirove  location  time  was  attributable  to  a perceptual  heterogeneity  fsetor 
that  resulted  from  introducing  more  dimensions  of  variation  into  the  display. 

Mere  recently  Bricker  (1)  has  shown  that  redundant  position  euss  did  sot  contri- 
bute In  lasmlng  to  associate  labels  to  a set  of  visual 

In  g^$ral.  ths  results  of  work  in  this  area  have  besn  to  sugssst  that  the 
effects  of  ooBpounding  dimensional  cues  depends  In  some  msaaure  tgoe  the  reg^oose 
studied  and  the  nature  of  tha  teak.  In  none  of  the  ceaee  baa  there  been  a direct 
effort  to  assess  the  effects  of  coanoundlng  di^i^lcais  la  terms  of  aocnfacy  of 
dlscrlaltiatlon  or  the  msober  of  dlecrimiiSsble  stejw  la  a stimulus  series  that  cab 
be  obtained.  In  the  present  study  both  disorlminatloo  accuracy  sad  tL-  number  of 
reliably  dlseriminable  steps  bars  been  determlDed  for  a series  of  stlsadi  varying 
alcsog  the  dimension  of  slse,  bus  and  brightness,  the  dlscrlalaation  mkasureii 
obtained  for  stlsR^  varying  along  these  sin|^  dlmaaelogas  wefe  then  colgiarSd 
with  toe  dlscfiSdnStiOtt  maasurus  obtained  whan  a stimulus  series  varisd  on  sits 
hue,  slE«  s&d  brightness,  hue  and  brightnsso,  and  size,  hha  end  brightness. 


n.  IGmx< 


Desigp.  Discrimlnstion  was  determined  by  the  method  of  absoluts  JudghS£t» 
or  as^ft  is  somstlmss  called,  the  method  of  atimuluS  rating,  the  tasIthOd  ~ requires 
the  subjects  to  identify  by  a name,  ounber  or  value  each  maabar  of  a aat.of  imli- 
Yldually  presentr/d  stlnull.  In  the  present  study  eubjecta  usad  thm  maibdra  ftMh 
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lEi  order  to  identif3f  tJhich  stiauluB  hod  occurred.  Th/*  abtiolute  method  vas 
chosen  as  » re-asure  of  discrimination  Blacc  it  is  aaenablc  to  an  analyst  in 
terms  of  infdraatlon  theory.  Gamer  and  Hake  (5)  have  shown  that  the  icroraatlon 
tranaaltted  by  a series  of  stimuli  along  n distension  is  Interpretable  es  the 
nuaber  of  stlsmli  that  can  be  selected  fros  this  di3»naion  to  yield  perfect 
diEcrimination  under  absolute  corl:*tions. 


Seven  different  aeries  of  stimuli  were  judged  in  the  present  study.  In 
xihree  01  tnese  serj-cs  ilit;  ouxisuxjl  cOcipOaxit^  the  'ierxes  differed  fre^  one  another 
alcag  a single  dlssnsioa.  These  dioenslonE  were  respectively,  site,  hue  and  brl^t 
ness.  In  tlte  reziainlng  four  stimulus  series  multidlBenslcmal  ottsulus  differences 
vera  eaployed.  In  three  of  these  four  reaaiaiiig  aeries  each  atimulus  in  the  series 
could  be  uniquely  specified  on  each  of  two  dlBenslons,  and  In  the  foiirth  series 
each  otimui'ic  could  be  specified  on  all  threa  diiaensio^xa . !?he  bricdutiwss  and  the 
slze-brightneas  series  each  contained  17  stimuli  av£.  20  stimuli  were  used  in  each 
of  the  regaining  series. 

Each  of  six  subjects  made  one  hundred  judgnwnts  of  each  stimulus  In  each  of 

t.he  sewn  nt.lin>lViS  aerie*:  Stmject*  enroleted  ell  jndgjgeilte  r.f  a aarle?  before 

beginnizig  their  judgmento  cn  the  =erl=e.  Tc  costrcl  for  practice  effects, 

subjects  made  their  jud^^cts  ef  the  seven  5ti£<ulu8  siulutf  in  a counter-balanced 
order,!/ 


Materials  aal  apparatus.  Teble  1 defines  the  attmull  used  in  the  size,  hia  , 
brightness,  and  the  hue-brl^tnesa  aeries  and  showa  the  response  nuaber  that  vas 
assigned  to  each,  ^fhe  other  three  aultldlaenslonal  series  are  not  represented.  In 
this  table  since  they  were  constructed  by  cooipoundlng  stimall  of  the  single 
diaenelonal  seriee.  In  constructing  these  multidlmenslrmal  series  the  ccapot^nt 
single  dimension  stimuli  ware  superimpoaed  one  on  top  of  the  other.  Thus  for  the 
series  size-hue,  stimulus  1 vas  a I/6  In.  3 R square,  at^ultis  2 vas  a 2/8  in. 
10  R 5/6  square,  stimulus  3 ® 3/Q  in*  5 ® 5/6  square,  etc.-/  In  constructing 
the  BultldiaenBlonal  series  of  size-hue-brightness,  the  luie-brlghtnees  stimuli  were 
coDgKntnded  with  the  size  stimuli  In  the  manner  dascrlbed  abore:  for  size-hue. 

As  can  be  seen  in  Table  1 the  response  numbere  were  assigned  to  etlsuli  in 
such  a manner  that  the  serial  order  of  the  response  numbers  conformed  to  the 
position  of  phe  stlstuli  along  the  dtiKnelon(B). 


1/  The  design  followed  a 7 :c  7 latin  square  which  wa«  not  quite  realized  due  to 
the  seventh  subject  fallix^  to  complete  the  ejq^vjvixent.  H(A»ver,  statistical 
exenlnatlon  of  the  data  revealed  no  evidence  of  syetemstlc  pritctice  effects  ftoa 
one  series  to  the  next,, 

^ The  multidlDsensionnl  series  of  hMe-brig^.tness  was  on  exception  to  this  a»thod  of 
construction  and  as  a result  baa  been  presented  in  Table  1.  This  exception  vas 
necessitated  by  the  non-Independence  of  hue  euod  brlghtueea  end  the  inability  to 
obtain  Hunsell  hu«  In  half  brightness  steps.  It  will  el:>o  be  noted  In  the  table 
thkt  the  hues  in  tlxis  series  have  a saturation  of  four  in  the  Munsell  system  while 
in  the  hue  and  the  size -hue  series  all  hues  have  a naturatlon  of  six.  Since  the 
hues  are  of  a different  saturation  a»l  the  brightc?*?  differences  between  adjacent 
stimuli  are  a full  brightness  step,  tho  results  obtained  with  this  multidlmensionali 
teeries  are  not  direct3.y  comparable  to  those  obtained  with  the  other  multldlften-  > 
eional  series. 
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Table  1 


Reification  of  the  atiau-lua  categoriea  used  for  else,  hue,  brightneese,  hue.  briahtneaB 
and  hue-brightnesB.  The  specif icationa  for  hue  end  brightness  are  glveuLghtness  are^ven  in 
tbs  Munsell  notation.  For  exM?Jle,  10  P.  5/6  indicates  that  the  hue  la  r that  the  hue  la  red 
with  a brififhtness  value  <rr  5 and  e aaturetlon  of  6 on  the  Munsell  scale  the  Munsell  scales. 


Response 

Stiaulus  Diaensiona 

ns 

1 

Site 

(in.  square) 

Eue 

Brightness 

Hxie>BrigbtD 

Hue-BrigSitDass 

5 

R 

5/6 

N 

1/  , 

5 

R 

k/k 

5 

R 

k/k 

2/6 

10 

R 

5/6 

» 

1.5/ 

10 

R 

5/*J 

10 

R 

5A 

3/8 

5 

IR 

5/6 

If 

2/  , 

5 

TGB 

6A 

5 

YR 

6/4 

1 k 

l^/8 

10 

m 

5/6 

B 

2.5/ 

10 

YR 

7A 

10 

YR 

7A 

S 

5/8 

5 

Y 

5/6 

H 

3/  , 

5 

Y 

BA 

5 

Y 

8A 

6 

6/8 

10 

Y 

5/6 

ii 

i.b/ 

^ A 

XU 

«r 

X 

/I. 

1 

XU 

V 

X 

•T  /L 

7 

7/8 

> 

ux 

5/6 

M 

7/ 

5 

GY 

6/i 

5 

GY 

6/4 

8 

8/8 

10 

OT 

5/6 

1 

4.5/ 

10 

GY 

5A 

10 

GY 

5/4 

9 

9/8 

5 

G 

5/6 

V 

5/  ^ 

5 

G 

•>/* 

5 

G 

4A 

10 

10/8 

10 

a 

5/6 

1 

5.5/ 

10 

G 

3/> 

10 

0 

3A 

11 

n/8 

5 

BO 

5/6 

H 

5/  . 

5 

BG 

2/' 

5 

BG 

2/k 

12 

12/6 

10 

BG 

5/6 

1 

6.5/ 

10 

BG 

3/^ 

10 

BG 

3/4 

13 

13/8 

5 

B 

5/6 

V 

7/  ^ 

5 

B 

4/i 

5 

B 

k/k 

U 

1V8 

10 

B 

5/6 

I 

7.5/ 

10 

B 

5/’ 

10 

B 

5A 

15 

13/8 

5 

PB 

5/6 

B 

5 

PB 

6/J 

5 

PB 

6A 

16 

yil& 

10 

PB 

B 

. 

8.5/ 

10 

PB 

7/; 

10 

PB 

7/4 

17 

17/^8 

5 

P 

5/6 

B 

9/ 

5 

P 

8/ 

5 

P 

8A 

18 

18/8 

10 

P 

5/6 

mm 

10 

P 

7/ 

10 

P 

l/k 

19 

19/8 

5 

RP 

5/5 

mm 

5 

RP 

6/ 

5 

RP 

6A 

20 

20/8 

10 

HP 

5/6 

10 

RP 

5/ 

10 

RP 

5/4 
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V stlauli  for  ^ aise  sarisa  were  cut  froo*  a darlc  gray  pegwr  and  for  tbs 

orl^tneas,  hue-brightness  series  7/8  in.  squares  of  Munsell  papers  vere 
XUK!<1.  For  all  series  the  stiBuli  vere  amounted  in  the  center  of  3 la,  v»-  te  card- 
board squares  to  facilitate  handling. 


Procedure.  The  subjects  vere  ruu  individually  mtb  an  average  of  five  one 
boiff  sessions  being  required  te  Judge  tbs  stiBuli  in  any  one  series.  Prior  to 
beginning  tl»  experlaental  Judgeents  on  a given  series,  each  subject  m/i*  eight 
practice  Judgeents  vlth  correctlcm  of  each  stlaultis  in  the  series.  FoUoirlng  the 
practice  Judgsents  one  huitdred  .judanants  of  each  stlsulus  were,  obtained  during 
the  experiJBBntal  sessions.  In  all’cach  subject  made  a totsO.  of  13,»»00  experimental 
Judgments  over  the  seven  stimulus  series  during  the  experimental  sessions. 


As  vas  mentioned  above,  all  stianili  vere  mounted  cm  mhite  cardboard  squaraa. 
Four  of  theae  stimulua  cards  vere  constructed  for  each  stimulus.  The  stimulus 
cer^Ls  vere  presented  to  the  subject  one  at  a time  and  his  Jixdgment  recorded.  Tbs 
expertaentJ^l  sessions  wsre  broken  up  into  blocks  of  .^udgsents  vhere  a block  vas 
defined  as  four  Judgsents  on  each  stlsniltis  in  the  par-ticular  aeries.  Betveen 
blocks  the  subject  vas  ((iven  a short  rest  vhile  the  experimenter  thoroughly 
reshuffled  the  stimulus  cards  in  order  to  insure  a raodom  ui'der  of  epn*£r±nce  cf 
the  SCXQUli . 


Subjects.  Ths  six  subjects  vere  male  undergraduate  students  at  The  Johns 
Hepkins  University.  Bone  had  previously  served  as  a subject  in  a psychophysical 
experiment..  All  irere  screened  by  a shortened  version  (2)  of  the  Ishlhara  Color 
Vision  test  to  insure  that  they  vere  color  normal. 


m.  RBSIEJTS 


Tvo  different  methods  have  been  used  to  express  the  dlsczimlnatlon  accuracy 
obtained  vlth  the  three  single  eund  the  four  multidimensional  stimulus  series. 

The  first  of  these  vas  to  determine  the  information  tranamltied  in  bits 
betveen  the  stimuli  and  resptmses  in  each  series.  Gamer  and  Bake  (^)  have  shown 
that  the  antilogarltfaa  to  the  base  2 of  is  interpretable  as  the  maximmi  nis^ber 
of  stimulus  valiMS  that  could  be  selected  from  a series  of  stimuli  If  .Tor less 
discrimination  vere  desired.  The  second  method  consisted  of  caaqjKiting  the  average 
percent  of  eccrrect  responses  given  to  the  stimuli  vithln  each  series. 

As  a first  step  in  evaluating  the  results  an  o •erall  test  of  the  slgnificauca 
of  differences  in  discrimination  accuracy  betveen  the  different  series  vas  Made. 
Tbs  value  of  for  each  subject  vas  coaputed  for  each  of  the  seven  series.  These 
1^  values  vere  then  subjected  to  a tnio-vay  analysis  of  variance  (stimulua  series 
and  subjects).  The  resulting  f of  20. k8  (P>.0001)  demonstrated  that  the  varia- 
tion in  accuracy  betveen  series  vas  much  greater  than  could  be  reasonably  attri- 
buted to  chance. 

The  discrittination  acec.<‘ecy  obtained  vital  each  of  the  seven  series  is  shovn 
in  Table  2.  The  first  coliata  of  this  table  giv«»  the  average  value  of  for  the 
alx  subjects.  In  the  second  coltaan  the  az;tilog  of  the  value  to  the  base  2 for 
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'fable  2 


Discriiatnation  accuracy  »or  the  three  sicgl*  and  tha  four 
multidlatenaloual  stiMulua  aa-ries 


1 

StiDuluB  Serlea 

B 

Xtsaber  of  stiaull 
Abaolutely 
Dlacrlalnable 

Avera^  Percent 
Correct  Judapi^nta 

Obaerved 

Predicted  j 

Size 

2.84 

7.19 

47.5 

1 

Hue 

3.06 

3.45 

53.4 

Brightreaa 

2.34 

5.06 

41-3 

Size-Hue 

3.55 

.11.90 

76.2 

72.6 

Size-Brigbtaeae 

2,98 

7.89 

59.8 

59.5 

Hue-Brigbttwas 

3.76 

13.55 

84.2 

Slte-Hus-Brlghtceas 

4.n 

17.28 

96.5 

90.7 

* Baaed  '^sn  errnr  tern  for  the  axialyaia  of  variaace, 
ic  are  aigulflcaot  at  the  .05  and  the  .01  level. 


dlffere>;cee  of  .38  and  .52 
reapeetlvely. 


eacii  cubject  hai*  been  averaged  throusfc  subjects.  Thx-a  the  -•n.lue!*  in  this  coltsaa 
represent  the  best  estli&ate  of  the  SBejci7e.a[t  number  of  stlaiCLus  categories  oot'  vaXuss 
tl;at  could  b*  eolected  from  the  different  ueries  if  errorless  dlser^jsinatlon  mere 
to  be  obtai.ned.  The  third  colimin  shovs  the  evarage  percent  of  correct  responses 
obtadoed  vith  each  series. 


As  can  be  sees  from  Table  2 there  is  a marked  gala  in  discrimination  when 
tvo  or  three  dimensiona  are  compounded.  This  is  true  irrespective  of  which  aBaaure 
of  discrimination  is  considered.  The  multidimensional  aeries  of  size^hue  results  tu 


the  hue  disansion  used  alone,  llbe  eize-brightaass  axul  the  hub-brightness  series 
also  yield  better  discrimicatlon  than  is  obtained  by  any  of  the  ea^>ODent  dinensions 
used  singly  and  in  the  case  of  the  series  size-buB-brlghtness  Where  stimuli  differed 
from  adjacent  stimuli  in  the  aeries  on  each  of  these*  diaenslons  discrimination  was 
nearly  perfect  for  all  20  stimuli. 


This  improvement  in  discrlmlnatl.nQ  obtalzrid  by  eoapoundieg  dimen8l.ats  indicates 
at  least  a moderate  degree  of  Independence  in  the  aceureej  with  Which  tvo  or  maore 
dimensions  are  slaultaueously  judged.  That  is  to  say,  the  accuracy  with  which  a 
subject  judges  or  rates  a hue  at  a given  mosent  is  lass  t-hum  perfectly  correlated 
with  the  accuracy  with  which  he  rates  a particular  size  or  brightness  valtte.  In  fact 
the  r^repent  data  suggest  that  the  value  of  this  correlation  is  cloae  to  zero. 

The  results  obtained  with  the  multiiUmenslonal  series  can  be  predicted  rather 
veil  by  the  use  of  three  essts^tions  concerning  discrimination  behavior  under  the 
•cresent  conditions.  They  are: 

1.  At  a given  aorent  in  time,  the  response  tendency  (rating)  to  a masaitt^?  cm 
one  dimension  is  independent  of  the  response  tendency  to  megnltu^s  <r*.  other 
dlmensions. 


2.  The  distribution  of  response  frequenciaa  to  a stimulus  wag»ltud»  in  a 
maeure  of  the  relative  strengths  of  response  tendencies  elicited  by  that  megnltude. 

In  the  case  of  ccBpetlng  response  tendencies  the  stronger  tendency  will  be 
evoked  as  a response. 

In  Table  3 these  assiaq>tiona  have  beer  used  to  wedict  the  diatribatioo  of 
responssa  to  stlmulua  number  8 (8/8  In.  10  OT  8<iuare}  in  the  zailtldimanaicaial  sisa- 
hue  series. 

The  fir^t  column  of  this  table  ohevs  the  response  di:ctrlbutioa  obtained  for 
this  hue  (10  GI)  when  it  occurred  as  stimulus  aimher  6 in  the  hue  serius  and  the 
second  coiimus  shesrs  the  distribution  of  resporute*:'  to  this  size  (8/3  in.  square) 
vbc;:.  it  occurred  as  stlmulua  8 in  the  size  satrios.  Tu£  third  cclvn  is  tb^ 
response  distribution  to  the  eoo^ormd  of  these  two  stimulus  magirltudes. 

If  ve  consider  the  firct  two  oolisns  as  reflecting  the  strength  of  response 
tendencies  to  these  two  stimulus  asgnltudes  when  viewed  se^^arately,  «b  would 
e:qpect  that  l6.d^  of  the  time  viwn  this  size  occurred  in  the  size-hue  series 
the  roirpoose  tendency  7 'rould  occur  and  ^9.6^#  of  the  time  this  particular  : ;*c  *^ul.:v 
tend  to  elicit  the  respocce  G.  la  keeping  with  the  first  assuBgption  of  ixidependesc*, 
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it  WwiOa  b*  expected  that  of  the  tine  vhen  this  8lz«r  aa^Ziitude  tended  to 

elicit  the  response  7,  this  hue  nr^itude  would  tend  to  elicit  the  response  8, 
la  keeplns  with  assui^tion  3»  the  occurrence  of  this  event  would  rise  to  the 
response  8-  since  the  response  8 to  the  hue  nstgnitude  is  a stronger  response  (has 
a higher  relative  frfjqueney)  than  7 la  to  the  size  Bsgnltude.  Ii:  ether  words 
for  thi?  partlctilar  event,  accuracy  of  dlscrird.ns.tlOD  fo;-*  the  slz*,-hue  cot^wuad 
would  increase  by  8.31b  over  what  would  have  been  obtai?>ed  by  Pita  elone. 

In  a similar  way  we  nay  consider  all  the  other  poanihie  ^ that  could 

arise  f:*xn  these  two  dlstrlbuticne.  This  essentially  reduces  to  aultipl3rlng  eeoh 
response  percentage  for  the  size  or  hue  magnitude  by  the  re vyonne  percentage 
for  the  other  diaensional  magnitude  and  assigning  the  prodv'l  to  th^  response 
category  that  has  the  hi.ghe8t  percentage  value.  Thus  0.3^  ..or  response  5 for  size 
would  be  multiplied  by  0..d^  for  response  7 for  hue  and  the  product,  o.ooes^,  would 
be  assigned  to  response  7 since  It  has  the  greatest  response  vttreogth  of  the  two 
responses. 

ColuBu  four  in  Table  3 is  the  \Tredieted  response  distribution  for  stimulus 
number  8 in  the  size-hue  aeries.  It  was  obtained  by  foUoirttig  tbe  above  procedure 
through  ths  ^ aiultiplica  cions  lavoxved  and  then  simaiing  the  pr<:ducts  assigned 
to  each  response  category.  As  can  be  soen  from  the  the  pred-^  cted  dl.^trl- 

bution  is  a fair-  approximation  to  the  empirical  one. 


The  distribution  predicted  in  Table  3>  however,  is  f'.-c-  one  the 
cosqpcuaded  stimuli  and  is  not  an  adequate  teat  of  the  pr-.^ictivs  model.  Accordingly 
tbe  above  described  procedure  was  carried  out  for  stimui.v:  in  the  size-hue, 
sizeobrightness  (.sd  the  slre-hue-brlghtosss  serles.X  TLm  pr&uictcd  percent  correeb 
judgments  for  each  stlJBulus  was  then  averaged  for  each  series.  These  average 
predicted  percent  <iorreet  responses  are  shown  in  eo3,\?«o  four  oi  Tablet:  2 where  they 
can  readily  be  compared  with  the  obtt\lJBed  values. 


Comparlsoo  shows  the  predietsd  percent  correct  responses  are  very  close  to  the 
eipirleal  results.  The  biggest  discrepancy  is  for  the  moltldlmensional 
series  sise-hue-brlghtness,  but  it  is  less  than  If  for  size-brli^tness.  The  close- 
ness of  tbe  fit  can  be  farther  demcmetrated  by  eoivutlng  the  rank  rrdfrr  correla- 
tioo  >>etveen  the  predicted  percent  correct  judgments  for  eech  stlniulio  ia  a series 
and  the  obtained  percentage  correct  jud^Knts.  For  the  size-hue  series  this  rank 
order  correlation  is  .86  for  the  20  stisszll,  and  for  the  17  stimuli  f.7x  the  slse- 
hrl^tness  series,  rho  is  .77*  A eimilar  rank  order  correlatj.s,v.  for  the  size-hue-  |' 
brightness  was  not  practiesble  since  the  discrimination  accuracy  fnr  -C)ls  series  was 
nearly  perfect  and  there  was  litcle  or  no  variation  among  the  pr;;dictc'd  or  the  \ 

obtained  judgments  for  the  stlauli  in  tbie  series.  ] 


2/  It  was  not  possible  to  obtain  nuch  predictions  for  the  hue-brightuess  series 
since,  as  was  pointed  out  In  the  section  on  Procedure,  th*r  sultldimensional 
ii  series  was  not  a simple  c<aq?ound  of  the  stimuli  useu  in  the  hDM  and  brlghtneas 

I series.  Due  to  imitatlODS  of  Munsell  hues  it  was  necessary  to  usa  a full  brij^t- 

aesB  step  betWMs  sdjacert  hues  is  this  multidimensional  series  whereas  ia  the 
brightness  series  alone,  half -brightness  otepv  were  esployed.  Also,  as  a eoa- 
seqtssnee  it  was  necessary  for  tbs  seam  brightness  valuss  to  be  eompoxmdad  with 
Ii  Bevei’ol  different  hues. 


Table  3 


Diit:nbutl(m  of  reepinee*  In  percent  to  the  6/8  in.  square  In  the  size 
series,  the  10  OT  in  the  hue  series,  and  to  the  eoaqsound  of  these  tvo  valuee 
in  the  sise-hue  series  (H  s 600) 


Rcspooee 

Site 

Rue 

StceoRne 

ObSSSTVid 

SlM-Eoe 

5 

0.3  i 

0.0 

0.0 

0.0 

6 

0.7 

0.0 

1 

0.0 

0.0 

7 

16.8 

0.8 

1.7 

2.1 

8 

k6.2 

1i9.6 

81.5 

72.8 

9 

19.8 

12.3 

16.3 

10 

1 8.8 

17.5 

^^.3 

5.6 

11 

3.0 

9.5 

0.2 

1.2 

12 

0.2 

2.7 

0.0 

0.0 

rv.  oiscussiai 


Tiie  results  of  the  present  study  shov  quite  clesrly  that  conpoundlng  diaen- 
sional  differences  between  stlauli  results  in  a large  as  well  as  a significant 
iaproveacnt  in  discriBlnatioe  under  the  absolute  aethod  of  judgment.  This  lapirove- 
aent  in  diecrlBination  indicates  at  least  a moderate  degree  of  isdepesisscs  nt  a 
given  nine  between  a subject’s  ability  to  rate  correctly  a isagnltude  on  one 
diamnsiou  and  his  ability  to  rote  correctly  magnitudes  on  other  dimensions.  In 
the  present  case  it  ms  possible  by  assuaing  complete  independence  of  Jud^^nts 
to  predict  with  reaeonn^l^  accuracy  the  discrlmlnablllty  of  compounded  or  multi* 
dlmenslonsl  stlmulua  series  from  the  dlscriminability  of  the  eo^>onent  divensions. 

It  should  be  noted.,  howe\'er,  that  the  results  obtained  here  arr  limitea  to  the 
visual  dimensions  employed  and  tc  tk:  type  of  dlacrlmlnation  that  occurs  under 
conditione  of  absolute  Judffacnt.  The  liQ>crtance  of  the  perceptual  tsak  ud  the  per* 
formance  measure  studied  has  been  pointed  out  earlier  in  this  paper  to  be  a factor 
in  determining  the  effect  of  eoapouadlng  dimensional  din'erencss  beewmen  stimuli 
(1,  4).  Also  it  seems  quite  reasonable  -so  expect  that  there  are  paycholctglcal 
dimensions  where  Judgmental  accuracy  at  a moamnt  In  time  Is  cerreleted  in  varying 
degrees  with  Judgmental  accuracy  on  other  dlmeneiona.  The  existence  of  eueh 
dimeneionb  sad  the  factors  determining  the  correlatloos  iv^  to  be  determixied. 

It  should  be  noted  in  the  present  study  that  the  subjects  were  veil  aware  of 
Che  different  dimensions  along  which  the  eosqtounded  stimuli  differed.  Most  of 
the  subjects,  when  questioned  after  the  experiment,  stated  that  they  were  awe 
of  the  cos^cent  dimensions  in  making  their  Judgments  of  a coeqxnmded  stimulus. 

This  awareness  must  be  considered  at  acother  restriction  on  the  obtained  results, 
slDcv  it  is  quite  likely  that  certain  other  dimensions  may  combine  In  such  a 
manner  that  the  resultant  stimulus  is  perceived  as  a whole  where  the  observer  is  not  j 
aware  of  all  the  caaE>nnent  dlsKnsions.  Possible  exaaqplea  are  the  dependence  of  > 

pitch  upon  loudnees  and  visual  forms.  In  a sladlar  way  the  canq;>oundlng  of  a large 
ntad>er  of  dlBKDsions  may  result  la  the  loss  of  ready  avareuess  of  aom  of  the 
dimensioaB  invoJ'/ed  in  the  ccapounding.  If  this  latter  case  were  true,  it  might 
set  the  limit  on  the  amount  of  improvement  in  discrimination,  that  can  be 

obtained  vis  coapoundlng  dimeneioos. 

There  is  one  other  asppset  of  the  present  data  that  deserves  ccfsaent.  Thi'j 
concerns  the  numl^r  or  absolutely  identifiable  or  discrisdnable  steps  that  can 
ho  obtaiui-i  with  the  hu-  d:»d  orightness  diBansions.  Since  the  eat''’^  range  or 
v-l  iible  hue  and  ntarly  the  entire  range  of  brightness  was  used  in  these  respective  I 
Btj.'uilus  series,  the  number  of  absolut-sly  dlscriminable  steps  obtained  for  these  3 

clueuslons  may  be  considered  as  close  appi-oximatlons  to  the  iwaximum  obtainable.  | 

As  was  seen  above,  vsry  few  values  could  be  selected  from  the  brightness  dimensi un  | 
80  ns  to  satisfy  the  criterion  of  perfect  dlscriminability  uadcr  absolute  conditions,  j 
Ths  lata  suggest  a anjcinum  of  about  five  vuluas.  The  a uciir js  numU-r  of  •/aloes 
that  iould  be  selected  from  the  hue  dimension  to  meet  this  criterion  is  saasvhat 
larger.  Here  the  data  Indicate  th«(,  at  least  eight  h;«3  of  equal  brightness  and 
saturation  could  be  so  selected.  This  nusber  for  hue  is  somewhat  less  than  the 
tk.!  lii^  beca  eatiaawjd  oy  haisey  and  Chapanis  (7).  llieir  data  indicated 
that  between  ten  emd  trwelvc  hues  could  be  absolutely  disertioin^ted. 
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This  discrepancy  between  the  two  aetc  of  data  seems  most  likely  V3  be  due 
to  differences  in  amount  of  practice  given  the  subjects,  IfeJ-sey  aad  Chapenls 
practiced  their  subjects  until  there  was  no  farther  learning  fi'co  trial  to  trial. 

If  only  tlie  last  20  Judgments  of  each  of  the  20  hue  stljsull  are  considered  in  the 
present  experiment,  it  is  found  that  the  subjects  were  traaensittlng  an  average  of 
3,44  bJts  of  information  from  the  hue  dimension.  The  aatllog  to  the  base  2 of  this 
value  la  11,  whicn  is  quite  cooparable  to  the  figure  arrived  at  by  EaLsey  and 
Chapanis,  A ccmparable  coaputatioa  for  the  brightness  series  results  in  »>a  average 
of  2.59  bits  which  indicates  about  six  steps  on  the  brightness  dlnenslcn  are 
absolutely  discrlminttbl'*. 


V.  StJMMARY 


The  present  study  was  concerned  with  the  contribution  of  unltidimensional 
stisrolus  ulffereaceB  to  accuracy  of  discriaicatlon.  Discrimination  accuracy  was 
determined  by  the  method  of  absolut'S  JitdgBmnt  for  s aeries  of  stiuull  varyiTjg  along 
the  dimension  of  slsie,  of  hue,  and  of  brightness.  The  discrimination  measures 
obtained  for  these  stimuli  v&xylng  along  these  single  dimensions  were  then  com- 
pared with  the  discrimination  measures  ob-cained  when  a series  ox  stimuli  vurled 
on  size  and  hue,  size  and  brightness,  hue  ejsS.  brightness,  and  size,  hue  and  orlght- 
ness. 


The  retiults  demonstrated  that  the  dlscrlminability  for  a multidimensional 
series  of  stimuli  was  considorably  greater  than  that  obtained  for  any  of  the 
coopouzKllng  dijueasions  used  alone.  It  was  further  shown  that  the  discrimination 
accuracy  fox'  a cssnounded  or  multidimensional  series  of  stimuli  cotild  be  predicted 
with  reseonable  proclslon  if  the  dlscriuinatlon  accuracy  of  the  cca^usdlng 
dimensions  was  known.  This  predictability  was  based  upon  the  assumptlor  of 
Independence  in  the  accuracy  witn  which  aagnitudes  on  two  or  more  dimensions  are 
simultaneously  Judged. 
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